Thyroid angiogenesis: endotheliotropic chemoattractant activity from rat thyroid cells in culture.
Thyroid enlargement in response to chronic hypersecretion of TSH reflects the coordinated growth of both parenchyma and stroma. Because Wollman et al. observed in propylthiouracil-fed rats that enlargement and remodeling of thyroid capillaries were strictly localized around follicles, they hypothesized that growth of perifollicular blood vessels is stimulated by angiogenic factors secreted by neighboring follicular epithelial cells. In support of this hypothesis, we report that media conditioned by rat thyroid cells were very active in an in vitro angiogenesis bioassay that measures stimulation of endothelial cell migration through chemotaxis membranes in microwell Boyden chamber assemblies. Primary cultures of thyroid cells from collagenase-dispersed glands from male or female Holtzman rats fed 0.01% propylthiouracil in the drinking water released activity that produced up to 5-fold increases in endothelial cell migration rates relative to those in identical unconditioned medium. Thyroid-derived activity was primarily chemotactic (i.e. only weakly chemokinetic) to both rabbit aortic and microvascular endothelial cells. That endotheliotropic activity is derived from thyroid parenchyma is indicated by the finding that media conditioned by FRTL cells, a clonally derived thyroid follicular epithelial cell line, produced parallel chemoattractant responses. Thyroid-conditioned media were also chemoattractant to mouse BALB/c-3T3 cells, which have endothelial cell characteristics. In contrast, thyroid-conditioned media did not increase the high spontaneous migration rate of Walker rat sarcoma (WR256) cells. T4, T3, thyroglobulin, bovine fibroblast growth factor (alpha and beta), and media conditioned by rabbit endothelial cells were inactive. Chemoattractant activity in serum containing conditioned media was retained by both 10,000 and 30,000 mol wt cut-off (MWCO) ultrafilters. Activity in serum-free thyroid-conditioned media was largely retained by 10,000 MWCO filters, but only partially retained by 30,000 MWCO filters; activity in the 30,000 filtrate was recoverable in a 10,000 MWCO retentate. These findings support the hypothesis that capillary growth during thyroid enlargement occurs, at least in part, as a result of a parenchymal-stromal (epithelial-mesenchymal) paracrine interaction mediated by specific endotheliotropic (angiogenic) factors released by follicular epithelial cells and distinct from T3, T4, and thyroglobulin.